liver cells to quiescent state, once an appropriate liver-to-body weight ratio is chieved. Liver regeneration do not necessarily depend exclusively on a proliferative potential of mature hepatocytes. Different subsets of intrahepatic and extrahepatic stem/ progenitor cells are believed to take part in liver regeneration [6] . From human clinical studies it was show that hematopoietic stem cells were mobilised into the circulation of patients after liver resection in amounts proportionate to the extend of surgery [7] . From animal studies different types of liver recovery are currently recognized, based on different types of proliferating cells: mature, normally quiescent hepatocytes are activated to proliferate and regenerate the organ following injuries due to toxins, drugs, acute viral diseases or partial hepatectomy (PH). Reserve progenitor cells, also normally quiescent in the liver, are activated by severe liver injury [8] . Bone-marrow-derived cells were found in the liver of healthy animals [6] , as well as in regenerating liver after PH [9] . Thus liver regeneration may not only depend on proliferation of intact hepatocytes and local stem cells, but also can be related to migration of stem cells and macrophages from bone marrow [10, 11] . Thus in animal models, depending the cause and severity of injury, liver regeneration was divided into three distinct restoring levels: hepatocyte dominant regeneration, participation of liver stem/progenitor cells, and involvement of extrahepatic stem/progenitor cells [6] .
Pharmacological mobilization and recruitment of stem/progenitor cells
The impact of liver stem cell therapy in several clinical trials currently is interpreted as weak, unable to modify the clinical course of severe liver diseases [12] . However, depending on liver disease/injury and clinical trial protocol, a stem cell therapy resulted in a limited improvement of liver functions [13] . Patients showed a more important liver macrophagic expansion as compared to standard treatment, after transarterial administration of bone marrow-derived stem cells. The treatment, however, did not increase proliferative hepatocyte number. Patients with a significant improvement of liver function were characterized at baseline by a significant number of proliferating hepatocytes, proliferative progenitor cells and higher macrophage infiltration, as compared to nonimprovers [12] .
Numerous animal studies have demonstrated the involvement of bone marrow-derived stem cells in liver regeneration. For this reason, the pharmacological activation of endogenous stem cells could be a simple and effective method of presenting stem cells to injured liver. In rat model, pharmacological mobilization of bone marrow cells promoting liver regeneration was recently evidenced after extensive liver resection [10] . Engraftment of CD133 + stem cells in the remnant liver and increased proliferation of hepatic double-stained OV6/Ki67 oval cells was obtained in animals pretreated with combination of two drugs: AMD3100 (Plerixafor or Mozobil) and low dose of FK506 immunosuppressant. Thus synergistic action of these two drugs resulted in mobilization and recruitment of bone marrow stem cells [10] .
Pharmacological control of macrophage reprogramming and phenotypic polarization
Macrophages can respond to various stimuli in a spectrum of activation, including tissue remodeling by macrophages [14] . Several lines of evidence suggest that macrophages and dendritic cells are able to abort the pathological immune response by M1 → M2 phenotypic polarization and producing anti-inflammatory cytokines [4] . Hepatic Kupffer cells display markers of M1-like macrophages or M2-like macrophages depending on the signals from their environment. A potential role for macrophage polarization has been recently examined in promoting pancreatic recovery and β-cell proliferation. Macrophages of the M2 phenotype prevented the destruction of β-cells, pancreatic islets and the development of diabetic nephropathy in experimental diabetes [15] . In rat model of alloxan-induced diabetes, phthalhydrazide treatment markedly decreased interleukin 6 (Il-6) and cortisone concentration, increased the number of pancreatic islets/mm 2 , which resulted in a 3-fold increase in the number of insulin-producing cells [16] . Phthalhydrazide is sold for decades in pharmacies of Russian Federation as the immunomodulating and antioxidant pharmaceutical [17, 18] . A limited phthalhydrazide monotherapy for patients suffering prolonged hepatitis B (HBV) and hepatitis C (HCV) infections (11 months -12 years) resulted in decreased concentration of serum IL-1 and TNF-α, and decreased enzymatic markers of liver damage [19] . Normal bilirubin level and less pronounced clinical signs of the disease such as diminished fatigue, appetites improvement, decreased skin itching and other signs of health improvement were noted in these patients showing good tolerability and the absence of adverse effects related to the therapy. Thus phthalhydrazide therapy decreased signs of viral hepatic disease and normalized liver functions. Conversely, chronic activation of monocytes and macrophages correlated with liver damage in HCV infection [20] . In mouse model of PH liver injury, phthalhydrazide treatment of hepatectomized animals improved macrophage recruitment to liver and increased the number of proliferating/binuclear K67 + hepatocytes [11] . Other signs of improved liver regenerative process, including decreased number of focal necrosis, anisocytosis, anisonucleosis, increased blood albumin-and total blood protein content, were evident after phthalhydrazide treatment, when compared to control hepatectomy. [11] . Generally PH triggered activation of monocytopoiesis in the bone marrow, resulting in approximately 2-fold increase in the number of bone marrow monocytes/macrophages, whereas phthalhydrazide treatment of animals further promoted the hepatectomy-induced infiltration of macrophages into liver stroma.
Perspectives and conclusions
Regeneration of injured liver is important therapeutic target in liver diseases. Alternative to liver transplantation can be possibly stem cell transplantation being much safer and less invasive. Adipose-derived stem cells, with their ability to differentiate into hepatic lineage and increase the number of hepatocytes, are considered suitable candidates for human liver regeneration [21] . Liver cells repopulation can be achieved by engraftment of transplanted cells, but most transplanted cells are rapidly cleared from liver sinusoids by proinflammatory cytokines/ chemokines/ receptors. Biological drug Etanercept, an anti-TNF-alpha-biopharmaceutical, decreased transplanted cell clearance and several-fold accelerated liver repopulation [22] . Macrophage reprogramming and pharmacological control of phenotypic polarization of macrophage cells can possibly prevent the onset of inflammatory response in injured organ and reduce production of macrophage proinflammatory cytokines [4] . Pharmacotherapy of bone marrow cells engraftment into the remnant liver and increased proliferation of hepatic cells [10] can be possibly achieved in humans in a near future.
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